Background: Data on the natural change in renal function in patients with chronic heart failure (HF) are limited. Methods and Results: Estimated glomerular filtration rate (eGFR) was assessed over 36 months in 6934 patients included in the GISSI-HF study. Associations from baseline, changes in renal function, and occurrence of cardiovascular death or HF hospitalization were assessed. Mean age was 67 years, mainly men (78%), and mean eGFR was 68 mL • min −1 • 1.73 m −2 . Change in eGFR in the 1st year was −1.5 ± 16 mL • min −1 • 1.73 m
, and over 36 months it was −3.7 ± 18 mL • min decrease over the 1st year (HR 1.10, 95% CI 1.04-1.17; P < .001). A deterioration in eGFR >15 mL • min −1 • 1.73 m −2 in the 1st year showed the highest risk of events (HR 1.22, 95% CI 1.10-1.36; P < .001).
Conclusions:
Mean decrease in renal function over time in patients with chronic HF was modest. Only 25% deteriorated ≥1 KDOQI class of CKD after 3 years. Any decrease in eGFR over time was associated with strongly increased event rates. (J Cardiac Fail 2017; 23:2-9) Key Words: Renal function, chronic heart failure, prognosis, chronic kidney disease.
Renal function as estimated by glomerular filtration rate (eGFR) generally declines~0.5-1.0 mL • min −1 • 1.73 m −2 per year. 1 Any decline in renal function, or the presence of a reduced GFR at any point in time, has been associated with worse outcomes in multiple populations. 2 This is also the case for renal impairment in chronic heart failure (HF), which is strongly associated with increased event rates. In a recent meta-analysis of >1 million subjects, the presence of chronic kidney disease (CKD; usually defined as eGFR <60 mL • min ) was associated with a >2-fold increase in all-cause mortality rates. 3 Additionally, recent research has shown that a deterioration of renal function, or more importantly, an increase in serum creatinine, is associated with a further increase in mortality. 3, 4 However, the circumstances during which this "worsening renal function" (WRF) develops seem far more important than the occurrence of WRF itself. 5 Although multiple reports focused on these changes, most evaluated WRF during a short followup time, only limited reports evaluated the progression of CKD or deterioration of renal function (ie, GFR) over a longer period of time. In fact, limited data are available on the "normal" decline in renal function in patients with HF. In the present analysis from the GISSI-HF (Effects of n-3 Polyunsaturated Fatty Acids [PUFA] and Rosuvastatin on Mortality-Morbidity of Patients With Symptomatic Congestive Heart Failure; Gruppo Italiano per lo Studio della Sopravvivenza nell'Insufficienza Cardiaca study, we investigated the "natural course" of change in GFR, the progression of stages of CKD, and the associated prognosis in patients with chronic HF.
Methods
GISSI-HF was a randomized, double-blinded, placebocontrolled, multicenter study that enrolled 6975 patients with clinical evidence of HF (New York Heart Association [NYHA] functional class II-IV). Patients were randomly assigned in a nested design to 1 g daily n-3 PUFA or placebo, and for those who were eligible, to 10 mg daily rosuvastatin or placebo. The design and results of the main trial have been published. [6] [7] [8] Patients with a baseline serum creatinine >2.5 mg/dL (222 μmol/L) were excluded from the rosuvastatin substudy.
GFR and CKD
Estimated GFR was calculated with the use of the simplified Modification of Diet in Renal Disease (sMDRD) formula at baseline and 1, 3, 6, 12, 24, and 36 months. Serum creatinine was available in 6934, 6159, 6061, 5715, 4956, 4104 patients at randomization, 3 months, 6 months, 1 year, 2 years, and 3 years, respectively. This formula was selected because it was used in earlier analyses from GISSI-HF. CKD was classified with the use of the Kidney Disease Outcomes Quality Initiatives (KDOQI) classification (all in mL • min
): eGFR ≥90, class I; eGFR <90 and ≥60, class II; eGFR <60 and ≥30, class III; eGFR <30 and ≥15, class IV; and finally eGFR <15, class V. Early change in eGFR was determined as the change in eGFR during the 1st year of follow-up and was categorized in the following groups: >15, 15-10, 5-10, and 0-5 mL • min −1 • 1.73 m −2 decrease and >0 mL • min
increase in eGFR.
Clinical Outcome
The primary outcome was the 1st occurrence of either cardiovascular (CV) death or HF hospitalization as adjudicated in the original GISSI-HF study. Secondary outcome included each individual component: CV death or HF Hospitalization.
Statistical Analysis
Categoric variables are presented as percentages, while continuous variables are presented as mean and SD or as median and interquartile range (IQR).
Categoric variables were compared by means of the chisquare test and continuous variables by means of analysis of variance or Kruskal-Wallis test. Change in renal function was assessed with the use of repeated-measures mixed-effects modeling, setting all baseline variables as fixed effects, patient identification as random effects, and time as the withinsubject variable. This method uses all available data, including baseline data and data of deceased subjects, that are available until death. Interaction analysis was used to assess possible effect modification of baseline characteristics on the slope of eGFR over time. All variables of relevant clinical interest were included in the multivariable Cox model to identify the effect of eGFR on the primary end point and included age, sex, body mass index, NYHA functional class, etiology of HF, left ventricular ejection fraction (LVEF), heart rate, systolic and diastolic blood pressures, serum potassium, triglycerides, history of hypertension, atrial fibrillation, diabetes, chronic obstructive pulmonary disease (COPD), and cerebrovascular disease, and the use of concomitant medication (diuretics, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, beta-blockers, spironolactone, or statins). Linearity of eGFR was tested by means of restricted cubic spline transformation. For the association between early change in eGFR and outcome, patients with events in the 1st year were excluded from the analysis. A P value of <.05 was considered to be statistically significant. All tests were twosided. Analyses were performed with R 9 and the packages Rms 
Results

Baseline Characteristics and Baseline Renal Function/CKD
A total of 6934 patients had data on baseline serum creatinine available. The patients were mainly male (78%), with an overall mean age of 67 years and a mean LVEF of 33%. Baseline eGFR was 68 mL • min ; P < .001).
Change in Renal Function Over Time
The mean change in eGFR over time in the entire study population is depicted in Fig. 1 . In the first 12 months, the mean change in eGFR was −1.5 ± 16 mL • min
, whereas it was 3.7 ± 18 mL • min Table 1 presents the baseline characteristics when stratified for these changes in eGFR.
Among subsets of patients, we found limited interactions between the slope of eGFR over time and the presence or absence of specific conditions. Specifically, we found no evidence of interaction between time and the association with the slope of eGFR for diabetes, hypertension, atrial fibrillation, age, NYHA functional class, and most therapies, including randomized rosuvastatin or n-3 PUFA treatment. We did find significant interactions for the presence or absence of COPD (steeper decline in eGFR when COPD was present), loop diuretic use (earlier and steeper decline of eGFR with loop diuretic use, overall similar decline after 36 months), and evidence of impaired renal function at baseline (Fig. 2) . For the latter, we found that patients with relatively preserved renal function (higher eGFR or lower creatinine) had steeper decline of eGFR over time compared with those with already compromised renal function.
Progression of CKD
At baseline, the distribution of patients according to KDOQI stages of CKD was class I, 14.9%; class II, 47.5%; class III, 34.3%; class IV, 3.1%; and class V, 0.2%. In the 1st 12 months, overall 19% of patients deteriorated ≥1 stage of CKD and 14% of patients improved ≥1 stage (67% remained stable). After 36 months of follow-up, the distribution of patients according to KDOQI stages had changed to class I, 14.6%; class II, 46.6%; class III, 36.0%; class IV, 3.9%; and class V, 0.4%. Overall, 25% of patients had deteriorated ≥1 class and 14% had improved ≥1 class.
Renal Function, Changes in Renal Function, and Clinical Outcome
In this study, a total of 3756 patients reached the primary end point of either CV death of HF hospitalization. Excluding the subjects who died, the censored times were in the range 0-70 months (median~50 mo, IQR 41-55 mo). Lower baseline eGFR was associated with increased event rates (hazard . Above this value, changes in eGFR showed no association with the primary end point ( Fig. 3;  Supplemental Fig. 1) .
Estimated GFR as time-varying variable showed similar associations with the primary outcome (HR 1.14, 95% CI 1.12-1.17; P < .001). In addition, eGFR assessed according to KDOQI classification showed a gradual increase in event rates with more severe KDOQI classes We found similar associations between eGFR/KDOQI classification and outcome for each of the individual end points (Table 2) .
In addition to baseline eGFR, changes over the 1st year showed strong associations with clinical outcome. Every 10 mL • min −1 • 1.73 m −2 decrease in eGFR over the 1st year was associated with a subsequent increase in the primary end point (HR 1.10, 95% CI 1.04-1.17; P < .001). There was a nonlinear association between the change in eGFR in the 1st year of the study and subsequent outcome. Supplemental Fig. 2 shows the restricted cubic spline and associated HR for the change in eGFR in the 1st year. It shows a clear association between decrease in eGFR and worse clinical outcome. With the use of no change in eGFR as the reference value, patients with 15 mL • min /year increase (HR 0.84, 95% CI 0.75-0.95) had relatively better outcomes compared with those with stable or deteriorating renal function (Fig. 4) . 
Discussion
In patients with chronic HF included in the GISSI-HF study, changes in renal function over time were of modest magnitude. Overall, estimated GFR decreased by 2.57 mL • min
/year, and one-fourth of patients had progression of ≥1 CKD stage. Any decrease in eGFR over time was associated with strongly increased event rates.
Changes in Renal Function and Progression of CKD
Recently, research in cardiorenal interaction has shifted from assessment of baseline renal function to assessment of renal function over time, although it had long been an important research topic. 3, 10 Some analyses have given more insight into how renal function behaves during the longer time course of randomized trials. In Val-HeFT (Valsartan Heart Failure), the mean change in eGFR over the entire study period of 3 years was 12 After hospitalization, eGFR seems to deteriorate faster, as one study found that eGFR decreased 7 mL • min −1 • 1.73 m −2 in the 1st 18 months after discharge.
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In GISSI-HF, we found that estimated GFR decreased 3.7 mL • min −1 • 1.73 m −2 over 3 years. This was similar to the change of the placebo group in Val-HeFT, but substantially higher than the patients enrolled in EMPHASIS-HF.Although in GISSI-HF a minority of patients had HF with preserved ejection fraction, we did not find a significant interaction between the slope in eGFR and LVEF, suggesting that changes in these groups were similar. Importantly, the randomized treatment allocation in GISSI-HF did not affect change in renal function, strengthening the overall applicability of our findings. In analogy to de Silva et al, who investigated changes in CKD stages over a 6-month period and found that 19% deteriorated and 12% improved ≥1 class during this period, we evaluated changes in KDOQI stages across the study. 14 In GISSI-HF, these numbers were 25% for deterioration of ≥1 stage, and 14% for improvement of ≥1 stage. In a retrospective analysis of SOLVD (Studies of Left Ventricular Dysfunction) treatment,~12% had a fast deterioration of eGFR (>15 mL • min
/year). 15 The figure in the 1st year of GISSI-HF was similar (15%), probably a reflection of patients with more severe HF in GISSI-HF counterbalanced by less well treated patients in SOLVD. In that particular analysis, most prominent predictors of this rapid decline were female sex, higher baseline GFR, more severe HF, and greater age. In comparison, we found that higher baseline GFR and more severe HF (as indicated by loop diuretic use) were associated with a steeper slope of eGFR change. The observation that higher baseline GFR was associated with steeper decrease in eGFR is probably a reflection of regression to the mean. Pulmonary disease was another factor associated with a stronger decrease in eGFR, but this was not investigated in SOLVD. 15 Other studies on WRF have indicated similar as well as different factors associated with change in GFR. 3, 14, 16, 17 Overall, it seems that patients with more severe HF, greater age, and more comorbidities, such as COPD, are at greater risk for a steeper decline in GFR. This is in agreement with the present findings, where patients with COPD had a slightly more rapid decline in eGFR. One reason could be that patients with pulmonary disease are more likely to have higher right-sided filling pressures, which are now known to have a great effect on renal function. Another reason could be that COPD and renal disease share similar risk factors, such as smoking, atherosclerosis, and chronic hypoxia. Putting these changes in renal function in perspective, long-term observations in the general /year. 1 This suggests that the mean overall change in chronic HF patients in GISSI-HF was slightly, but probably significantly, greater compared with the general population and that a significant proportion of patients experience much larger yearly decreases in GFR compared with what could have been expected from the general population.
Changes in Renal Function and Subsequent Outcome
Lower eGFR at any time has been shown to be associated with poor outcome, and, in general, similar associations exist for deterioration of renal function, ie, WRF. 3, 18, 19 However, these changes in renal function have been evaluated during a very short time period, mostly in-hospital or out-ofhospital for up to 6 months. In a recent meta-analysis that pooled all different WRF definitions and different patient populations, WRF was independently associated with poor clinical outcome. 3 This was apparent in both acute and chronic HF, although it seems clear that a solitary increase in serum creatinine in acute HF without further deterioration in the clinical condition is probably clinically insignificant. 20, 21 In chronic HF, the best data originate from retrospective analyses from randomized clinical trials on renin-angiotensin-aldosterone system (RAAS) inhibitors, and because of their inherent effect on renal function, they are to some extent biased. 4, 11, 19, 22, 23 However, these studies have shown that increases in serum creatinine during initiation of RAAS inhibitors are not associated with poor outcome. Importantly, these trials had safety protocols, where therapies should be down-titrated or discontinued when creatinine rose too high, which could have influenced these associations. Furthermore, in our present analysis from GISSI-HF, 93% were on stable angiotensinconverting enzyme inhibitor or angiotensin receptor blocker therapy and more than one-third (39%) on spironolactone.
Only limited data exist on changes in renal function and outcome in cohorts other than the mentioned randomized trial. De Silva et al showed that 6-month mortality was~5 times higher in patients with concomitant severe baseline renal dysfunction and WRF compared with patients with normal baseline renal function and no WRF.
14 In a retrospective analysis of patients recently discharged from hospital, WRF directly after admission or from 6-12 months after admission was associated with significantly increased mortality rates. 13 In the present retrospective analysis of GISSI-HF, we found that any deterioration in renal function during the 1st year was associated with strongly increased event rates. Every 10 mL • min −1 • 1.73 m −2 decrease in eGFR was associated with a 10% increase in the combined end point. This was further supported by the finding that improvement in renal function was associated with significantly better outcomes compared with patients with relatively stable renal function, as well as the finding that eGFR evaluated with the use of timevarying analysis showed similar results. Overall, our findings strongly suggest that any deterioration in renal function over a moderately long period-whatever the cause-is associated with poorer clinical outcome, even if the decrease seems clinically insignificant. This suggests that routine evaluation of renal function in each HF patient is vital for the assessment of clinical status and mortality/morbidity risk. It also may help in selecting patients where deterioration of renal function serves as a proxy of the progression of the disease and who need more advanced HF therapy. This may also be where the clinical relevance of serial assessment of renal function may come into play: it gives important information on the (change in) severity of heart failure, an indication of the subsequent prognosis, and, with the present data as information on the "normal" change in eGFR, may give information on more or less than expected changes in eGFR over time. Whether or not this should result in more investigations and/ or change of therapy should be determined on a case-bycase basis and cannot be deducted from the present analysis.
Study Limitations
This analysis of GISSI-HF is retrospective in nature, consisting of data gathered in a trial population, and should therefore be seen as hypothesis generating. The analysis can only indicate associations and in no way can imply causality. Our results are also observational in nature. Decisions by clinicians that could have affected renal function and outcome were not taken into account, and this could have influenced our analyses. Other significant limitations are estimation of GFR rather than measurement, but the formula used in our present analysis has been validated in chronic HF patients with acceptable accuracy. We used the simplified MDRD formula, because this was the formula used in the primary analysis of GISSI-HF. Although the Chronic Kidney DiseaseEpidemiology Collaboration formula probably gives a better estimate of GFR, differences in the changes in eGFR between the 2 formulas are likely small. Although urinary albumin excretion was available in a subset of patients, it was available at different time points for each patient and therefore not included in this analysis. Major strengths of the present analysis are the large population size and the noninterference of randomized treatment with renal function, as well as the long follow-up time.
Conclusion
Estimated GFR in chronic HF patients in GISSI-HF showed a modest decrease over ≥3 years, although a significant proportion of patients experienced much greater decreases in eGFR. Baseline renal impairment, particularly (modest) decreases in eGFR over time, was associated with significantly increased event rates. The results suggest that evaluation of renal function should be part of the routine clinical workup of every chronic HF patient.
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